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A STUDYOF VARIATION ANDEVOLUTION
IN MIOCENEMERYCHIPPUS

By Theodore Downs1

Abstract

A detailed study of the variation and evolutionary trends in characters of the

upper dentition in paleontological samples of the species Merychippus seversus

(Cope) and Merychippus calif ornicus Merriam from the Miocene of Oregon,

Nevada and California is presented. Studies of samples from the Mascall, North
Coalinga, High Rock Canyon, Virgin Valley, Beatty Buttes, Sucker Creek, Skull

Spring, Crooked Creek, and Gateway faunas are included.

Probable microevolutionary changes at the species level are fully documented
and a reference model of chronocline speciation is proposed.

Quantitative (bivariate, statistical comparisons) and semi-quantitative or

graphic methods (e.g. frequency distribution patterns) are employed and con-

sidered imperative in the study of hypsodont equid samples and in conjunction

with the paleopopulation concept. Total or summary character comparisons are

achieved by graphic method, allowing for differences in weighting of characters

and disparities in methods of analysis. Control tests of variation and species

distinction are made through study of a probable ideal homogeneous sample of

Merychippus from Tonopah, Nevada, the distinctive M. brevidontus from North
Coalinga, and limited study of two living species of zebras from South Africa.

In the detailed comparison of the M. seversus-M . californicus samples from
the Mascall and North Coalinga faunas respectively, about 70% of the 26
characters show significant differences between the two samples. Microevolutionary
trends (from M. seversus to M. californicus

)

are indicated as follows: increase in

relative height of crown; change from oval protocone with well developed spur

and anterior cingulum to elongate protocone, slight spur and cingulum; change
from rectangular to quadrate tooth crown shape; slight increase in total enamel
distance with tooth size, and decrease in curvature.

Probable quantum evolutionary change at the species level is suggested by
the high rate of change (10.2% per million years) in height of crown as compared
with 4.58% increase in size (tooth crown area).

No absolute species criterion is derived since mean differences between
characters, relative rates of change, dominance of distinctive character combina-
tions, geographic and geologic time relationships and possible unknown factors

relative to the total living animal must be considered. The M. seversus-M.
californicus species complex may serve as a model for similar paleospecies studies.

Introduction

Two species of the three toed Miocene horse Merychippus have been

described as Merychippus seversus (Cope) from the Mascall of Oregon and

M. californicus Merriam from the North Coalinga in California. They were

probably closely related (see Bode 1934, Stirton 1947, and Downs 1956),

and the apparent close affinity of the two species makes them valuable in

testing possible microevolutionary trends, since they came from faunas

differing only slightly in chronologic age (an age difference of perhaps

one or two million years)

.

Preliminary study of the samples of dentition of these species of

Merychippus (Downs, 1956) indicated that clear-cut “present or absent”

characters distinguishing one species from another did not exist. The
present study has verified this and has shown the distinctions to be a

Thief curator, Earth Sciences, Los Angeles County Museum.
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matter of degree of difference. It is apparent that the characters of the

dentition in hypsodont horses must be compared on a quantitative or semi-

quantitative basis.

The stimulating thesis presented by Simpson (1944) in Tempo and

Mode in Evolution strongly influenced me to investigate thoroughly these

samples of equid dentition. Simpson crystallized the major factors upon

which logical studies of ancient biological phenomena should be based,

and his work also suggested to me the need for well documented evidence

demonstrating the major features of evolution, particularly microevolu-

tionary trends in the fossil record.

This paper is fundamentally concerned with the detailed analysis of

variation of approximately twenty-seven features of the upper dentition in

samples of Merychippus from the Miocene of the Great Basin and the

Pacific Coast Provinces of the United States, although study of samples

from the Mascall fauna of Oregon and the North Coalinga fauna of Cali-

fornia is emphasized.

The underlying philosophy is the recognition of the importance of

variation in total fossil populations as inferred from samples, and not the

search for and naming of individual variants as distinct taxonomic units

in a paleontological sample. Admittedly there is uncertainty as to the true

homogeneity of most fossil samples; yet in describing a species it is better

to assume considerable variability in samples or populations than to assume

each variate to be a paleontological species. Such a view, however, must

not preclude an awareness of the possible presence of sympatric species, a

thanatocenotic species association, or even a mixing of chronologic

species, and a thorough quantitative analysis will assist in exposing these

conditions. In some respects the present approach is the antithesis of the

method and philosophy of approach followed by Quinn (1955).

It is hoped that this report will serve as a “yardstick” or basic

reference in the evaluation and analysis of characters in similar studies

of the equidae in the future.

A total of sixteen samples from different faunas, including 986

individual teeth, were measured and approximately 30 characters were

recorded for each tooth. Inasmuch as the portions of this material so far

studied have revealed data on variation and evolutionary trends of primary

interest, I have felt justified to proceed to publication now. Raw data on

the following samples (not studied herein) are on file in the Section of

Vertebrate Paleontology of the Los Angeles County Museum: Phillips

Ranch, Cache Peak, Barstow, San Francisquito Canyon, Caliente, Black

Mountain, and Snake Creek. These data are available to those who are

qualified and interested.

Many other workers have dealt with species problems of Merychippus

in the Mascall and North Coalinga faunas. Among the early ones were:

Cope (1879, 1886, and 1889), Merriam (1901, 1915), followed by Maxon

(1928) and Bode (1931 and 1934). Bode (1934) stated there was con-
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si d era hie variation in a series of teeth from the North Coalinga and noted

that “several species” of Merychippus appeared to be recognizable if

specimens were to be “segregated out.” He thus emphasized the lack of a

“hard and fast” means of distinguishing the species of Merychippus. Of all

the features discussed, he states that in M. calijornicus (p. 45) “.
. . Fre-

quency of occurrence of an open prefossette in the premolars is apparently

the most distinctive character found . . His results seem overly con-

servative in light of the conclusions on evolutionary and taxonomic

relationships presented herein and based on mean trends of many
characters.

The difficulty of making precise species identifications of indivi-

dual teeth (such a procedure is often claimed to be possible) is irrelevant

if one studies the problem from a “population” analysis approach, and

such an approach seems to be biologically more sound.
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Fig. 1. Outline map showing localities from which samples were derived in

Oregon, Nevada and California: 1. Mascall, 2. North Coalinga, 3. Virgin Valley,
4. High Rock Canyon, 5. Crooked Creek, 6. Gateway, 7. Skull Spring, 8. Sucker
Creek, 9. Beatty Butte, 10. Tonopah.



1961 Downs: Miocene Merychippus 7

cannot hope to mention them all by name. I am particularly indebted to
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Analysis of Variation in Samples of Upper Dentition

The Mascall fauna, from the formation of the same name (type area

only), is located in North Central Oregon in the John Day Valley, Wheeler

and Grant Counties; and the North Coalinga fauna (also referred to as the

Merychippus zone) of the Temblor formation north of Coalinga is located

on the west side of the San Joaquin Valley, Kings County, California.

These paleopopulations were separated by approximately 550 miles (direct

distance, see map, fig. 1 )

.

The source of the sample: The Mascall sample includes specimens

from the “type area” only (Downs, 1956), including: University of

California vertebrate paleontology localities nos. 3043, 3059 (type locality),

4827, 4834, 4835, 884, 882 and 903; California Institute of Technology

(now LACM) locality no. 113, and specimens from an area designated

Mascall, Cottonwood Creek, Oregon, in other institutional records. Nearly

all of the fossils analysed came from the horizon designated as being “light

buff, fine grained, consolidated tuff” (see op. cit., p. 205), or were

recovered as surface specimens below this horizon. The fossil bearing

zone is traceable for about ten miles in the type area. The horizon in which

mammalian remains commonly occur is approximately forty feet in

thickness. There is nothing to indicate that the fossils found in this

horizon are not (in geologic terms) contemporary. However, there is no

suggestion of mass burial; on the contrary the fossils must have accumu-

lated gradually through many years (certainly several decades), perhaps

the time necessary to build up sediments in a small lake (see op. cit., p.

211). The sample includes specimens referred to the species Merychippus

sever sus (as redefined in Downs, 1956), which includes the specimens

once referred to M. isonesus Cope (op. cit.).

Merychippus relictus is another species that has been described from

the Mascall fauna, but is excluded from the detailed discussion of the

samples that follow. It must have been a small horse and is represented

by a few teeth primarily distinguished by their small size. The exclusion

of the small teeth from the larger Mascall sample casts some doubt on the

homogeneity of the larger Mascall sample; this problem is discussed on

p. 69 of this report.

The North Coalinga sample was taken from material collected at two

localities (not visited by the writer) : California Institute of Technology

loc. 108 (which equals University of California, Berkeley loc. 2124) and
CIT loc. 129. The sites are located within one-half mile of each other, and
according to Bode (1935, p. 68) the fossils from both localities were
buried in . . sandstones and conglomerates, two to three feet in

thickness . .
.” Bode indicates (loc. cit.) . . no differences have been

noted between the two assemblages.” Data from this study suggests that
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there is no bimodality of character frequency distributions, reflecting this

minor geographic separation of localities 108 and 129; therefore, the two

assemblages are considered as one sample. Bode suggests the fossil horses

from North Coalinga were not necessarily buried en masse as the result

of a sudden disaster, but as he states, “The type of deposit and its thickness

suggest that the material required a period considerably longer than a

brief span of years to be concentrated” (loc. cit.).

A particularly distinctive species of Merychippus ( M. brevidontus

Bode) has been found in association with the M. calijornicus samples; but

it is clearly improbable that any of the teeth of M. calijornicus could be

confused with those of M. brevidontus (see p. 69 of the text)

.

For convenience the samples of teeth from the various localities in

the Mascall and from the North Coalinga are referred to as: the Mascall

sample from Oregon and the North Coalinga sample from California.

Samples from other localities (i.e., Skull Spring in Oregon, High Rock

Canyon in Nevada, etc.) will be considered in the discussion on evolu-

tionary and taxonomic relationships.

Method of Analysis: A critical problem inherent in studies of fossil

populations is the feasibility of comparing equal or identical structural

materials. Taxonomic conclusions based on adult dentitions in one species,

milk dentitions in another, or facial fossae in still another have limited

Fig. 2. Typical enamel pattern as seen in (A) the Mascall sample ( Merychippus
sever sus) showing right P2

,
P3

,
P4

,
M1 and M2

,
and (B) the North Coalinga

sample (M. californicus) showing right P2

,
P3

, P4

,
M1

,
M2

,
and M3

. Thickness of

enamel in (A) somewhat exagerated by reproduction.
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biological value. A study of teeth at the stage of development showing the

most features of the enamel and greatest possible sample representation

should provide the most reliable standard for judgment of relationships and

variation. Most of the data in this paper were derived from adult upper

dentition that I designate as the one-third height of crown range or

one-third wear range. This is determined as follows: The mean of the

height of crown in unworn dentition is established, for example, in the

Mascall sample as 29.37 mm. (table 1). If one-third of this mean, unworn

height of crown is subtracted from the mean, the figure resulting is

18-19 mm. (10-11 mm. subtracted from the mean 29.37 mm.). Three-

quarters of this one-third distance is approximately 7-8 mm. To establish

the “one-third range of wear, this three-quarters distance (7-8 mm.) is

added to the 18-19 mm. (one-third distance) and thus deriving the standard

range of wear from 18-19 mm. to 25-27 mm. for the Mascall sample. This

is the state of wear revealing the maximum ‘‘expression” of the dental

pattern (see fig. 7 and 8).

In his study of the Miocene Equidae from Florida (1956), Bader

abandoned any use of measures or counts involving the protocone, crochet

and plication numbers because he felt that (op. cit., p. 51) “.
. . statistics

of such measures (and estimates of parameters derived therefrom) would

add little to the classical procedures of descriptions due to inconsistencies

introduced by the variation of these dimensions with wear, the non-

homologous nature of certain measures in different wear stages (i.e.,

width of protocone) and the inability to repeat measures within satisfactory

limits.” Such a view may be unwarranted if proper precautions are

followed. Consistency in taking measurements or making counts has been

at least partially established in this report, since I recorded all the data

myself, and all the comparisons purposely included only teeth having the

same state of wear (as defined above).

The analyses were performed on additional materials after a lapse of

approximately five years’ time and I found no difficulty in repeating the

measurements or in categorizing the characters while following the methods

established at the beginning of the study.

Nearly all species of fossil horses have been, and no doubt will continue

to be, described with much reliance on the “elusive” traits of enamel

pattern, along with size and proportions. If one assumes that the tooth

samples used in this study represent uniform stages of wear, and conse-

quently similar age groupings, it is necessary to determine the variability

of these traits, and thus establish a standard for comparison in similar

studies.

Sectioning of the teeth at a standard height of crown was considered

as a possible procedure, but rejected at the time the measurements were
taken because of possible damage to borrowd specimens. Today’s modern
laboratory techniques may warrant overruling this objection, and sectioning

may be the more practical method of deriving standard comparative
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materials. Samples of teeth having the designated stage of natural wear

were available to me in sufficiently large numbers to allow comparisons

in this report.

The skull of Merychippus had eight upper cheek teeth on a side, and

the enamel patterns of these grade into one another. The individual teeth,

then, could represent 14 skulls in the Mascall and 44 skulls in the North

Coalinga; or as many as 30 and 84 respectively if each tooth is assumed

to represent an individual. The Mascall localities are not all in a restricted

area and since the sediments were probably laid down over a period of

time, it is probable that more than 14 individuals are represented.

Premolars 3 and 4 and molars 1 and 2 (P 3
,

P4
, and M1

,
M2

) were

selected as being most valid (or at least most rewarding) in the study of

variation. Premolar 2 and molar 3 (P 2 and M3
) were not used because of

their position in the mouth, distinctive type of wear on the grinding

surfaces, high variability in dental pattern, and lower frequency of

occurrence as fossils. This does not mean that P2 and M3 are worthless

for study, but simply offer less than the teeth selected. Characters of the

lower dentition were recorded, although they appear to have fewer defini-

tive characters for study, and samplings were smaller than those of the

upper teeth.

Linear measurements were taken with vernier calipers, graduated in

tenths of millimeters. Counts of plications were done under magnification

—

either with hand lens or microscope. Standardized data sheets were used.

Categorizing of characters which were not susceptible to linear measure-

ment was employed by keeping at hand, for constant reference, individual

teeth representing each of the categories being studied. The formulae used

in deriving the chi square (x
2

) test of association are from Simpson and

Roe (1939). The table of y
2 significance tests used is from Wilcoxon

(1949). Tables of Student’s “t” tests from Simpson and Roe (1939) are

used in determining significant differences between means of two samples.

In estimating the significance of difference in slope and position in a

reduced major axis comparison, Imbrie (1956, p. 237) is followed and

Z > 1.96 or P < .05 are considered as significant. In all of these tests

conservative confidence is placed in tests that demonstrate .05 or less level

of significance, and much greater confidence in a factor of P < .01 ;
see

Simpson and Roe (op. cit. : 191) for discussion of these factors.

The size of the samples in the detailed comparisons is unequal,

although the smaller sample (the Mascall) is adequate since N is always

greater than 15 in any given comparison (see Simpson and Roe, 1939,

p. 209).

The differences in the weighting of characters and size of sample

demand caution in accepting so-called significant statistical values in

sample comparisons. Where combinations of analyzed characters mutually

indicate a similar trend, the supposed statistical significance is strengthened.

General trends are evident from mere inspection of frequency distributions,
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scatter diagrams, or observation of the specimens themselves. Statistical

treatment may or may not support, in varying degrees of significance, the

Fig. 3. A, Tooth topography (based on Stirton, 1941, and Downs, 1956). B, Points
of measurement: 1, height of crown; 2. transverse diameter; 3, anteroposterior
diameter at crest; 4, radius of curvature.
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observable trends and can aid in revealing useful “hidden” characters.

Figures 3 and 4 show the anatomy and terminology of the dentition

as well as how certain measurements and categorizations of characters are

made.

The following set of characters was selected for analysis:

1. Height of crown, unworn dentition: “.
. . calipers placed on tip

of mesostyle and measured to shortest perpendicular distance to lower

edge of enamel. V-shape of enamel edge below mesostyle is not always

symmetrical
;

therefore the measurement is taken in a straight line from

the tip of the style” (Downs 1956, p. 271). The method is direct and

involves less than one and one half per cent of error. The percentage

of error is derived by the deviation method (see Daniels, Mathews and

Williams, “Experimental Physical Chesmistry,” 1949, p. 356) . The

technique employed to measure the height of crown in unworn teeth

was used for measuring height of crown for those within one third

wear range. All data obtained from unworn molars and premolars are

lumped together, for such teeth cannot be reliably differentiated from

one another. These lumped data are reproduced in table 1 and are

based on figures in Downs (1956, p. 282). The curve as revealed by

the frequency distribution (fig. 6, a) of the unworn height of crown

dimension is slightly flat and bimodal, which may reflect lumping of

o o
Oval-ova/ E/ongafe Elongate
elongate ova

I

A

B
Fig. 4. Character categories: A, Shape of protocone; B, Development of anterior

cingulum (anterior views of upper teeth)
;

C, Length of a plication (in a

prefossette)

.
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the premolars and molars. The coefficients of variability are not

excessively large but reflect the dispersion pattern and probable

moderate degrees of variation in both samples. In the height of crown

in worn dentition (one third wear range) the frequency distribution

patterns (see figs. 6 b and 6 c) are normal in the segregated data

(PM and M) and the coefficients of variability not excessive.

2. Shape of the protocone: analyzed by using (1) actual bivariate

measurements and (2) the arbitrary categorization of “shape” on the

worn surface of the tooth.

(a) Anteroposterior diameter or the greatest outside diameter, obtained

by placing the caliper points on the outside af the worn enamel

edge. The same technique was used in measuring the antero-

posterior diameter of the hypocone.

(b) Transverse diameter or the greatest outside diameter taken at the

center of the protocone, excluding the protoconal spur. The

percentage of error in these measurements is only slightly over 1

per cent (in a and b).

When the dimensions of the protocone are considered sepa-

rately (table 1) they show fairly high variability (coefficient of

variability ranging from 9.60-16.01). A bimodal frequency

distribution in the N. Coalinga sample is suggested in the

anteroposterior diameter, perhaps reflecting P3 -P 4 and M4 -M 2

individual differentiations.

(c) Categories of “shape”: characters of the protocone which are not

evident in a and b above are arbitrarily characterized. Standards

for reference were established by selecting one tooth, each demon-

strating one of the following categories:

Oval to oval elongate (U.C.M.P. no. 1622, fig. 4).

Elongate oval (U.C.M.P. no. 11384, fig. 4).

Elongate (U.C.M.P. no. 21280, fig. 4, elongate in antero-

posterior direction).

3. Degree of development of the protoconal spur: in the ancestral

parahippine (as in Parahippus
,

which is ancestral to Merychippus )

this feature is prominent as a spur of the cone-shaped protocone

connecting with the protoconule. The protoconal spur was measured in

the same way as the transverse diameter of the protocone except that

it includes the spur. The points of the caliper were placed on the lingual

edge af the protocone and on the tip of the spur. The length of the spur

is derived by subtracting the transverse diameter (2 b, above) from the

transverse diameter, including the spur. This measurement is subject

to about 3% error.

4. Degree of development of the anterior cingulum: a trait gen-

erally overlooked in previous studies, and a remnant of a more
primitive parahippine character. In the ancestral parahippines a

prominent cingulum or ridge is situated along the anterior base of the
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tooth, and often is continuous with an inner cingulum (see Stirton,

1941, p. 434, fig. 4) . It is either distinct as a ridge or grades upward

(toward the crown) into the base of the protoconule when present in

Merychippus. The categories of cingulum development are as follows:

none present (U.C.M.P. no. 21280, fig. 4), slight development

(U.C.M.P. no. 11384, fig. 4), and prominent development (U.C.M.P.

no. 1622, fig. 4).

5. Tooth proportions: based on two dimensions (see Downs, 1956, p.

271) :

(a) Anteroposterior diameter: in unworn teeth the calipers are placed

on the extreme outer edges of the parastyle and metastyle and in

line with a point on the mesostyle corresponding to one third the

average height of crown (see p. 9 of text) . In teeth showing the

one third wear the calipers are placed at the crest of the tooth

crown, excluding any cement.

(b) Transverse diameter: in unworn teeth this measurement is the

shortest distance from the outermost edges of the mesostyle at the

one third wear level to the lingual edge of the protocone enamel.

In teeth that are worn to the one third level, the measurement is

made at the crest of the tooth, excluding any cement. Both these

dimensions (a and b) have less than 2% error of measurement.

The coefficients of variability (V) are low, ranging from 3.65 to

6.99 in all teeth compared —the lowest V’s derived from any of

the continuous variates considered.

6. Tooth size: interpreted as equivalent to the occlusal area of the tooth

crown and obtained by multiplying the anteroposterior diameter (5a)

by the transverse diameter (5b).

7. Number of enamel plications: any plication in the enamel pattern

was counted if its length could be measured (see 8 below) under

magnification. The plications which were counted include the following

(see fig. 3) :
pli protoloph, pli caballin, pli protoconule, pli prefossette,

pli postfossette, pli hypostyle and ante pli hypostyle. V is extremely

high in both samples, ranging from 20.9-34.5.

8. Length of enamel plication: each of the above plications was

measured on an arbitrary basis by placing one point of the calipers

at the base of the longest side of the plication (fig. 4 c) on the inside

edge (toward the prefossette for example, in the pli protoconule) and

the other point on the extreme tip of the plication. The error in measure-

ment was high (often well above 5%), consequently only broad

groupings (classes of frequency distributions) were recorded in

summary tallies. It was particularly difficult to determine the actual

basal limits of the plications in measuring the length of the pli hypostyle

and the ante pli hypostyle.

9. Tooth curvature: this characteristic may be observed from an

anterior or posterior view (fig. 3 b) and is outlined by the margins
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of the parastyle or mesostyle. The curvature, as shown by the outlines

of the style, forms the arc of a circle. Following the suggestion of Morris

F. Skinner of the American Museum, a series of concentric arcs of

circles were etched one millimeter apart on a plate of plexi glass, each

having a known radius. The posterior surface of each tooth was placed

on the above plate in such a way that the outline of the styles would

match with an arc on the plate. In this way a radius of curvature was

derived. Error in measurement was about 4% and the coefficient of

variability is high in both samples (see table 1).

10. Connection of protoconule with metaloph: this may be express-

ed as the closure of the prefossette, and was recorded either as closed

or open.

11. Total enamel “distance”: since it is not always desirable to section

fossil specimens (a practice frowned upon by many curators) an

estimate of total enamel was made by using enlarged drawings

(magnified about 4 times from life size drawings or photographs) of

the naturally worn tooth surface at the one third stage of wear. This

does not allow measurement of the true distance of enamel present on

the slopes of the grooves that are ground transversally across each

tooth. However, teeth in both samples have similar groovings and,

consequently, similar distortions in the magnified projection. The
image of the enamel from a drawing was reflected onto drawing paper

(using a Saltzman projector and a balopticon), the outline of the

enamel traced and magnification recorded.

A simple inverted L stand was constructed to hold rigidly a

planimeter that rested on a piece of plate glass. The tracing of the

projected image was moved between the planimeter wheel and the

smooth glass base. Thus the “distance” of all the exposed enamel was

recorded, including fossettes, protocone, hypocone, plications, and

ectoloph ; and the scale of the planimeter was accurate to within 5 mm.
The resultant total figure for each tooth gives at least an index of total

amount of exposed enamel, although there was nearly 5% error in

measurement. The procedure is time consuming, and consequently

only a limited sampling was obtained.

V is not excessively high in either sample, and the bimodality

of the distributions may reflect lumping of the molars and premolars.

12. Degree of tapering of the tooth crown: this measures the

tendency for the internal and external walls of the tooth to converge

or pinch together toward the crest of the crown. By measuring the

transverse diameter at the base of the crown and plotting this

against the transverse diameter at the crest, the degree of taper is

derived. Three categories were used: transverse diameter at base < tr.

diam. at crest, tr. diam. at base = tr. diam. at crest, and tr. diam.

at base > tr. diam. at crest.

13. Diameter of parastyle: the anteroposterior diameter of the para-

style was taken at the crest of the tooth (exclusive of cement).



Table 3. Plication Counts

Premolars
Mascall N. Coal,

Pli protoloph
None 10 29
One 17 50
Two or more 8 5

N =
x 2 -

P =
35 84

12.82
.0017*

Pli hypostyle
None 2 7

One 16 77
Two or more 12 10

N =
X2 =
P =

30 94
13.56

.001*

Pli caballin

Divided or > 4 6
Three 0 1

Two 9 4
One 17 73

N =
x 2 -

P -

30 84
10.99

.013*

Pli protoconule
Divided or > 3 12
Three 0 0
Two 10 14
One 17 57

N -

X2 =
P =

30 83
3.08

.24

Pli prefossette

5 0 0
4 0 2
3 1 9
2 3 27
1 23 44
0 2 3

N =
X2 =
P =

29 85
12.15

.015*

Pli postfossette

5 0 2
4 6 7

3 3 27
2 9 34
1 10 17
0 0 2

N =
X2 =
P =

28 89
10.98

.051*

* Significant difference or association (:

§ 2X2 table used.

Premolars and
Molars molars

Mascall N. Coal. Mascall N. Coal.

11 60 21 89
4 6 21 56
3 1 11 5

18 67 53 150
10.53 17.57

.0054* <.001*

3 5 5 12
11 55 27 132

6 5 18 15

20 65 50 159
8.49 21.9

.014* <.01*

0 0 5 8

0 0 0 1

1 2 9 4
20 70 37 143

21 § 72§ 51 156
.205 17.2

.68 <.001*

1 5 4 17

0 1 0 1

1 2 11 16

19 64 36 121

21 72 51 155
5.713 5.48

.13 .11

0 1 0 1

0 0 0 2
1 7 2 16

0 21 3 48
17 34 40 78
2 1 4 4

20 64 49 149
13.05 32.8

.011* <.001*

1 2 1 4
1 3 7 10
4 21 7 48
7 20 16 54
6 14 16 31

0 4 0 6

19 64 47 153
2.84 11.94

.71 .04*

; Simpson and Roe ,1939, p. 289-295).
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14. Depth of mesostyle: this measurement is the degree of external

(labial) projection of the mesostyle beyond the walls of the paracone

and metacone. This is subject to considerable error.

Thirty five characters either were measured or categorized in each

upper tooth examined, but, only twenty seven of these were considered

worthy of complete analysis.

Reliability of measurement or evaluation: The methods of analysis

outlined above clearly indicate that each character has a different suscepti-

bility to repetition by other workers, and has its own particular value in

forming taxonomic or evolutionary conclusions (see table 4). In order to

demonstrate my estimate of the ability of another research worker to

repeat the measurements and evaluations, the characters (or combinations
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Fig. 5. Scatter diagram plotting tooth size (area at tooth crown) with unworn
height of crown in Mascall-N. Coalinga samples.
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of characters) are arranged in table 4, column 1, according to their

“rank” in reliability of measurement or judgment as: excellent, good, fair

or poor. Within each of these major ratings, the characters are arranged

according to rank; for example, under I, Excellent, number 1, the

anteroposterior and transverse diameter dimensions are judged to be

more reliable in method and repeatability than are dimensions of the

protocone, number 3, in this grouping.

The Mascall-North Coalinga Comparative Analysis

The presentation of the probable differences in the samples from the

North Coalinga and Mascall faunas is an important objective of the

following discussion, but the demonstration of the close resemblance of the

two samples is of equal significance. This portion of the paper reflects its

more objective aspect and constitutes the framework for later, more

subjective interpretations on evolutionary and taxonomic relationships.

Relative height of crown in unworn, upper dentition: The

scatter diagram (fig. 5) demonstrates that, in spite of slight differences in

size in the two samples there is a greater proportional difference in height

of crown than in tooth size. The crown in the N. Coalinga sample is

relatively higher than in the Mascall sample, the mean difference being

5.54 mm., a difference relatively greater than in any of the other features

analyzed. Student “t” tests indicate P < .01, a figure indicating signifi-

cance (see p. 10 of text).

Range of maximum enamel expression: The range of wear within

which the majority of the plications appear may be derived by plotting

the number of total plications against the height of crown in each tooth.

This is referred to as the “range of maximum enamel expression” and is

seen in figs. 7 and 8 (samples include those teeth considered to be in one

third wear range). Although the means of the total number of plications

in the two samples do not differ, in the N. Coalinga sample the greatest

number of plications occurs in markedly higher crowned molariform

teeth than in the Mascall sample. The difference in the mean height of

crown is 6.15 mm. in the premolars and 4.93 mm. in the molars, both

differences at the .01 level (see fig. 7 and 8, table 1). Analysis of these

combined traits which results in a comparison of the range of maximum
enamel expression would appear to be especially useful in studies of

hypsodont horse dentition.

Shape of protocone: The proportions of the protocone are derived

from its anteroposterior and transverse diameters. The frequency distribu-

tion of these diameters (see fig. 6) indicates the two samples are rather

similar, yet the protocone tends to have a relatively greater length with

respect to width in the North Coalinga sample than in the Mascall sample.

In deriving the two lines in figure 9, the method of the reduced major axis

employed by Imbrie (1956) is used. In this method, actual tests for

significance are made with respect to difference in (a) position of the

derived line, and (b) slope of the derived line. Only the position of the



24 Contributions in Science No. 45

lines (as in Zp. in fig. 9 and 9a) proved to be significantly different

(P < .01). This is true in both premolars and molars, thus substantiating

the conclusions that the protocone is proportionately longer in the N.

Coalinga sair iple.

Qualitative analysis of the protocone shape: Frequencies of

shape categories (see text, p. 13) are recorded in table 2 along with other

related features (also see fig. 16). x
2 was used to test the probability

unuoan
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Fig. 6. Frequency (f) distribution of single character measuremenes: Horizontal

bar with ticks indicates 2 m, with the median vertical tick at point of mean in

each underlying frequency; end vertical ticks the extension of 2 m on each side

of mean (modified from Dice Leraas method).
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of whether or not the frequency of occurrence of the shape-categories of

the teeth in one sample differs from that in the other. (See Simpson and

Roe, 1939, p. 300, and Simpson, Roe and Lewontin, 1960, pp. 174 and

307 ) . In table 2 the x
2

test indicates that the frequency occurrence of

P* and
+ * N. Coalinqa

Total Plications

Fig. 7. “Range of maximum enamel expression,” shown by plotting total plications
and height of crown, Mascall-N. Coalinga sample, premolars only.
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elongate-oval to elongate shape is high in the North Coalinga sample while

oval shape is high in the Mascall sample.

Development of protoconal spur: In deriving the length of the

spur a relatively crude estimate is made of the actual length. However, the

end
+ = N. Coalinqa

Total Plications

Fig. 8. “Range of maximum enamel expression,” shown by plotting total plications

and height of crown, Mascall-N. Coalinga sample, molars only.
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presence or absence of the feature was never in doubt. The spur is absent

(none) or reduced in size in the N.Coalinga teeth while it is present

and often larger in size in the Mascall sample. The teeth from both localities

include those a little above and below the one third range of wear. In rare

instances the protocone is connected to the protoselene due to the close

proximity of these to one another and, thus, not due to the length of

the spur.

Development of the anterior cingulum: The anterior cingulum

is absent or developed slightly in the N. Coalinga sample while it is

developed strongly in the Mascall sample (see table 2)

.
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Fig. 9. Scatter diagram and calculated reduced major axis (diagonal line), in
Mascall-N. Coalinga premolar samples.
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The three characters, shape of protocone, development of protoconal

spur and development of anterior cingulum, are closely related and have

relatively great significance in phyletic and taxonomic interpretations.

This will be emphasized in the discussion on the evolution of interrelated

features.

Proportions and size of the tooth : The tooth proportions, as shown

by the anteroposterior and transverse diameters, indicate a close resem-

blance between the two samples (see figs. 11 and 12), yet they are
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significantly different. The position of the reduced major axis is signifi-

cantly different in the molars of the two samples and shows greater

transverse diameter relative to anteroposterior diameter in the N. Coalinga

than in the Mascall sample. In the premolar comparisons, P is greater than

.05 and Zp = 1.81 —-very nearly reaching an index of 1.95. Comparison

of the slope of the axis in the molars of the two samples (see fig. 12), shows

that P is smaller than .01, which suggests in the Mascall sample a greater

increase in transverse diameter, relative to increase in anteroposterior

pA JL «—r-J

f M 1 10 m3 16 16 8 1 1 1

-F 1 1 2 5 1 5 3 3
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Mascall

N-L A

«-r-J

f 1 3 8 13 II 15 7 5 2

*—r-J

f 1 2 *1 3 5 1 H 2 3 1

N. Coalinga

Mascall

A
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Fig. 10. Frequency distribution of single character measurments (see fig. 6).
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diameter. Perhaps this relative increase in transverse diameter indicates

a preadaptation in the Mascall sample which foreshadows the condition

in the N. Coalinga. The occlusal surfaces of the cheek teeth in the N.

Coalinga sample tend to be quadrate while those in the Mascall sample

tend to be rectangular. Results of tests of mean differences in tooth size

(calculated area) are given in table 1. In both premolars and molars

P < .01 and indicates that the N. Coalinga teeth are larger (in terms

of tooth crown area) than those of the Mascall; but, as noted above, this

also involves the factor of relatively greater transverse diameter in the

N. Coalinga sample.

Number of enamel plications: The total number of plications is an

indicator of enamel complexity (see correlation with height of crown,

figs. 7 and 8). The two samples do not differ significantly in the total

number of plications, and this may be due to the high degree of variability

of the character in both samples. However, the two samples may be
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distinguished, in some instances, using particular areas of the enamel

pattern. These areas will be treated in the paragraphs that follow.

Pli protoloph —When the frequency distribution of the number of

plications in the pli protoloph of the N. Coalinga sample is compared with

that in the Mascall sample one finds that they differ significantly (see

table 3), there being greater dispersion or frequency of the pli protoloph

in the Mascall sample. Analysis of these plications is subject to less error

than in others since there are no “wild” or unusual variations in its expres-

sion —such as the rare occurrence of isolated “lakes” in the pli protoconule-

pli caballin area. The molars in both samples seem to lack the pli protoloph

more frequently than do the premolars.

Plications on the metaloph —The premolars and molars of the N.

Coalinga sample have 1, 2, or 3 plications in the pli prefossette, while most

of the teeth in the Mascall sample have but a single plication (see table 3).

The difference in number of plications on the pli postfossette of the cheek

/S.S /60 / 6 5/70 /7.S /B.0 /8-5 /90/95 200 2052/.0 2/5 2Z.0

Transverse cJtameter at crest

Fig. 12. Scatter diagram and calculated reduced major axis in Mascall-N.
Coalinga molar samples.
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teeth is less apparent, although in the premolars 2, 3, and 4 plications

predominate in the N. Coalinga; and 1, 2, and 3 plications predominate in

the Mascall (see table 3).

Pli hypostyle —Although this structure is sometimes difficult to detect,

one plication occurs predominantly in the N. Coalinga cheek teeth, while

one or two occur predominantly in the Mascall (see table 3). This differ-

ence in frequency occurrence is significant.

Pli caballin —In the premolars, the number of plications on the pli

caballin in the N. Coalinga is predominantly one, while in the Mascall it

varies from one to two (see table 3). The molars of both samples show a

dominant occurrence of a single pli caballin. No significant differences in

frequency occurrence of plications of the pli protoconule were noted (see

table 3)

.

Length of plications: Significant differences between samples in

length of the plications are seen only in the pli protoconule and pli

prefossettes (see table 2). The length of the pli protoconule in the molars

of the N. Coalinga sample ranges from 2.0 to 3.1 mm. or more in length

as compared with a range of .6 to 3.0 mm. in the Mascall sample. The length

of the pli prefossettes on the molars and premolars in the N. Coalinga

sample ranges from 1.9 to 3.0 mm. as compared with .5 to 2.0 mm. in the

Mascall (table 2). The relative crudeness of the method or measurement

may account for the lack of significant differences between samples in

the dimensions of many plications. However, the inadequate points of

reference for measurement (see fig. 4) make it somewhat impractical to

attempt greater accuracy.

Connection of the protoconule with the metaloph or prefossette closure

:

The lack of connection of the protoconule to the metaloph was emphasized

by Bode (1934) as being diagnostic of the N. Coalinga population. I find

that when this condition occurs it is significantly associated with the

premolars in the N. Coalinga sample, while it is almost never associated

wth the premolars or molars in the Mascall sample or the molars in the

N. Coalinga sample (see table 2).

Tooth curvature: The mean radius of curvature of the cheek teeth

in the N. Coalinga measures 10.32 mm., whereas that in the Mascall

measures 8.23 mm. (see table 1). The N. Coalinga sample, therefore, has

less curvature of the tooth crown than the Mascall. Considering the degree

of variation and the difficulty in making measurements (a factor which,

in part, may account for its high variability), tooth curvature seems to be

especially poor for use in distinguishing individual teeth from the two

samples.

Total enamel distance: The mean total distances in the cheek

teeth of the two samples seem to differ slightly (Simpson and Roe, 1939:

191), the N. Coalinga sample having slightly greater total enamel than

the Mascall (P < .05 but > .02).

Taper of tooth crown: The cheek teeth in the Mascall sample
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tend to have a greater diameter at the base than at the crest (reflecting a

slight tapering from base to crown)
;

in the N. Coalinga sample the

diameter at the base is nearly equal to that at the crest. The latter is

especially suggestive in the premolars (see table 2) wherin P is .06.

Length of protocone relative to length of hypocone: This has

been used frequently as a diagnostic feature in equid studies, but it

cannot be used to distinguish between the N. Coalinga and Mascall samples

(see table 2)

.

Parastyle-Mesostyle diameter: These dimensions cannot be used

to distinguish the two samples from one another.

Enamel thickness: Attempts were made to measure enamel thickness

but my techniques probably were not sufficiently refined to produce useful

results.

Transverse diameter of fossettes : The greatest transverse distance

across the pre- and postfossettes was measured and no significant differ-

ences between the two samples was observed. In addition, the dimensions

showed considerable variation.

There is a close morphologic resemblance between the Mascall and

N. Coalinga samples. A definite overlap of the range of variation is

demonstrated in every character compared. Despite this, some positive

mean trends of character distinctions in varying degrees of intensity

are noted.

The reliability in method of analysis is usually directly related to

the value of the respective characters in determining mean distinctions

between the two samples (see table 4, columns 1, 2). The easily measur-

able protocone-hypocone length, tooth crown taper, and size of parastyle

are exceptions to this and are not particularly significant in the compari-

sons made. However, some characters rated as “poor” in reliability reveal

“significant” mean differences (e.g. radius of curvature, number of pli

hypostyles, length of pli protoconules, and length of pli prefossettes)

.

Perhaps, with improved techniques of analysis, additional distinctive trends

and relationships may be discovered.

Generally, the lower the variability of a character, the greater its

reliability. The measure of total enamel seems to be an exception to this

(see table 4, columns 1, 4) . The difficulty in deriving total enamel distance

gives it questionable repeatability in method of measurement.

Approximately 56 percent of the unit or bivariate characters evalu-

ated are equally variable (or nearly so) in both samples (see table 4,

column 4). About 13 per cent of the characters are slightly more variable

in the N. Coalinga than in the Mascall sample, and the remaining 30 per

cent are slightly more variable in the Mascall than in the N. Coalinga.

These differences in variability between samples are not outstanding,

except, perhaps, in the development of the protoconal spur. The homo-

geneity of the samples seems to be adequate.
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Two characters in both samples show considerable variability, namely,

radius of curvature and total number of plications. Most of the linear

dimensions do not reveal excessive variation except in the dimensions of

the protocone (see table 1). Regardless of the degree of variation, the

length of the protocone is significantly different in the two samples, and

analysis of the shape of the protocone seems to corroborate this interpreta-

tion. The variation exhibited by many characters of equid dentition often

conceals the trends in characters and thus underscores the necessity of

obtaining adequate samples of comparable materials (at least the “student”

sample of 15). Simple graphic presentation of the data helps immeasurably

in seeing the relationships.

Factors influencing variability and trends: Some characters,

such as total plications and the radius of curvature, appear to be inherently

variable in spite of the lumping of premolars and molars or the influence

of one individual skull. However, the character of the teeth in an individual

skull may distort the true degree of variability or significance of character

distinction.

If it were possible to segregate with certainty P3
,

P4
,
M1

,
and M2 from

one another, the observed degree of variation in some characters would

lessen. If the teeth could be sorted by sex, the sample would have even

greater homogeneity.

To determine how one individual specimen might influence distribu-

tional patterns a maxillary series of one individual from the Mascall

sample, U.C.M.P. no. 23088, was included in the analyses. Each tooth from

this specimen was labeled so that it could be recognized in each analysis.

I found that one individual (specimen no. 23088) demonstrated, within

its own tooth series, considerable range of variation in many of the

characters analyzed, and frequently varied as much as the range of

variation in the total sample.

What is the role of premolars and molars in distinguishing between

samples? Even the crude breakdown of premolar-molar used in this report

indicates that occasionally there is a difference in the contribution of the

premolars or molars to the mean or general trend of the character involved.

However, there is only a degree of difference, never any significant

opposite trend or characterization of premolars compared with molars

in any one sample. Usually when both premolars and molars were grouped

together and compared, the trends shown in the segregated premolar-

mlora data were substantiated or they revealed a cumulative or additive

effect, as for example, in the counts of pli prefossettes and pli postfossettes.

None of the data derived from study of the two samples indicates an

absolute means of distinguishing between premolars and molars within a

sample —as Bode (1931) recognized in his summary of the problem.

However, there are characters that suggest a mean difference between

molars and premolars. None of the mean differences has been tested
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statistically, but observations of tables and diagrams suggest certain

possibilities for distinguishing between molars and premolars. Some of

these characters are listed in the order of their importance: (1) antero-

posterior diameter of tooth crown in the N. Coalinga and possibly the

Mascall sample, (2) shape of protocone, possibly in both Mascall and

N. Coalinga, (3) connection of the protoconule to the metaloph in the

N. Coalinga, (4) length of the pli protoloph in N. Coalinga and Mascall,

(5) number of pli protolophs, possibly in N. Coalinga and Mascall, and

(6) total plications, possibly in the Mascall.

Table 4, column 3, indicates whether or not the characters analyzed

show probable significant differences between the two samples. These

data are summarized further as follows : The number of characters

showing “significant” difference between the teeth in the Mascall and

North Coalinga samples:

Percentage

Number of Questionable of all"

characters distinction characters

A. Premolars only 3 2(?) 17±
B. Molars only 1 4±
C. Premolars and

molars 11 U?) 41 :L-

D. Lumped premolar-

molar (not segregated) 2 1(?) 10 zh

E. Neither premolar or

molar showing “sig-

nificant” difference 9 31±

26 4( ?) 103±

Those characters in both premolars and molars (see C above), which

have shown distinction between the two samples, are considered to be the

most significant in revealing evolutionary trends and taxonomic relation-

ships. Included in this group are the following: (1) range of maximum
enamel expression, (2) development of the protoconal spur, (3) shape

of the protocone, (4) proportions of the protocone, (5) development of the

anterior cingulum, (6) proportions of the tooth crown, (7) tooth size

(crown area), (8) number of pli protolophs, (9) number of pli prefossettes,

(10) number of pH hypostyles, (11) radius of curvature, and (12) length

of pH prefossette. These characters are listed in order of importance based

on the reliability of method of analysis, the degree of variation, and the

degree of significance of distinction as shown in the sample comparisons.

Characters which are not here considered to be of great importance might
be important in other species comparisons.

The Tonopah sample as a control

Since only one complete horse maxilla is known from the two samples
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from North Coalinga and Mascall, it seems relevant to comment on the

variation studied in another larger, more suitable sample from the Tonopah

fauna of later Miocene age (upper Barstovian) of Nevada. This sample

has a large number of complete maxillary series. Henshaw (1942) con-

cluded there were only two species of horses represented

—

Hypohippus

near affinis Leidy and a species referred to Merychippus calamarius

(Cope). The sample of Merychippus is remarkably homogeneous, and

serves, thus, as a fairly good test of sample variation. The dentition of this

type of horse cannot be confused with Hypohippus in the one third range

of wear. The same characters were studied in the Tonopah Merychippus

that were recorded in the Mascall and N. Coalinga samples. Only a few

of the salient results are mentioned here.

The patterns of frequency distribution (fig. 13) of the transverse and

anteroposterior diameter in the Tonopah sample are similar to those in the

Merychippus calamarius from Tonopah
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Fig. 13. Histograms showing frequency distributions of anteroposterior diameter
at crest of tooth in Tonopah Merychippus sample. Left column records individual
maxillae with each animal marked by separate letters. Right column records
individual teeth from an unknown number of individuals.
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other two samples (see table 5). The coefficient of variation in tooth crown

proportions in the Tonopah sample is low and almost identical in range to

that in the Mascall or N. Coalinga samples (3.58-5.69). In these and other

characters analyzed there is only slight difference in frequency patterns

between P3 and P4 or M1 and M2
. The “curves” grade one into the other

from P4
to M1

.

The radius of curvature dimension in the Tonopah sample has the

same wide range of variation as that recorded in the Mascall and N.

Coalinga samples (see table 5). In total plications the Tonopah sample is

slightly less variable. In the development of the anterior cingulum, and in

the plication counts of the metaloph and pli hypostyle, there is considerable

range of variation. The character of the fossette closure (connection of the

protoconule to metaloph) in the Tonopah and N. Coalinga specimens have

similar patterns.

It is concluded that the type of patterns of distribution in general

resemble those recorded in the Mascall-N. Coalinga samples, consequently,

there is reason to believe that the Mascall or N. Coalinga samples are as

homogeneous as the Tonopah sample.

In addition, the analysis of the Tonopah sample verifies the fact that

individual specimens (as a tooth series) can contribute skewness to the

frequency curve or a wide dispersal or variation in pattern (see specimens

A and G in fig. 13)

.

The range of variation in the Tonopah sample is most reasonably

considered as representing that of a unified, genetically distinct paleo-

population. Therefore, it is felt that if one has a sample resembling those

studied in this report, it may be assumed that one is dealing with a natural,

single paleopopulation, unless the total combined evidence dictates other-

wise (see p. 69)

.

Previous studies (Downs, 1956) involved some preliminary analyses

of the kind conducted in this paper but were based on only a few traits.

However, it is interesting to note that seven characters studied in both

reports are given similar interpretations as to trends, and in the present

study previous conclusions are more firmly supported. Only two features

are interpreted differently in this report (the number of pli protolophs and

pli hypostyles) and these may be explained by the more precise counting

and more extensive sampling used.

Evolutionary and Taxonomic Inferences

Biostratigraphic background: Only a geographic separation

between the Mascall and N. Coalinga equid samples has been assumed so

far in this report. Now, it seems appropriate to attempt to correlate the

morphologic data with inferences on age relationships of the faunas bearing

the samples and the probable position of the paleopopulations within the

phylogeny of the Equidae.
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It is beyond the scope of this paper to become involved in arguments

on age relationships
;

rather I shall present the general concensus of

opinion. There are no absolute age data available at present. The most

reliable means of establishing relative ages of faunas on the Provincial

Age level (see Wood, et ah, 1941) is that of identifying the widely

dispersed fossil mammals composing the faunas, as summarized by Stirton

(1939) and Durham, Jahns and Savage (1954). Apparently the distinction

in time between the Mascall and N. Coalinga samples is of relatively

slight magnitude, possibly no more than one or two million years. There

is general agreement of various authors on the closeness of the age of

the two faunas. Bode (1934) emphasized this proximity of age, but

definitely cited faunal evidence to suggest an earlier age for the Mascall,

noting the presence of “primitive animals” in the Mascall and their

absence in the North Coalinga (op. cit., p. 63). Downs (1956, p. 325)

considered the North Coalinga fauna of California to be younger than the

Mascall and older than the Barstow. It was then noted that the mutual

occurrence of a small Tomarctus sp., typical Parahippus avus (Marsh) and

Miolabis?
,

suggested that the Mascall and North Coalinga were not far

removed from one another in time. The presence of Archaeohippus mour-

ningi (Meriam), the very complex Merychippus brevidontus, and high

crowned Merychippus californicus in the N. Coalinga indicate later time

for this fauna than for the Mascall, using the concept of stage of evolution

in correlation.

Correlation by direct stratigraphic succession cannot be used to

relate the Mascall and N. Coalinga since the strata are entirely disjunct,

being nearly 550 miles apart (but note also, distributions of related

populations, fig. 1 ) . Therefore, faunal evidence is used which in turn is

dependent, in part, on the concept of “stage of evolution.” The two species

being used in deriving the conclusion on age relationships are Merychippus

seversus (Mascall) and M. californicus (N. Coalinga). However, this

conclusion is not entirely dependent on these two forms, for other faunal

aggregates (as noted above) support the conclusion.

Phyletic background: The pin logon y of the Equidae as portrayed

by Stirton (1940 and 1959) indicates the position of Merychippus in equid

history (fig. 15). This paper follows Stirton’s summary on the phylogeny

and classification because of its clarity and general world-wide acceptance.

I do not follow Quinn (1955), primarily because I question the validity

of an extreme vertical classification which more or less disregards

horizontal relationships through time and space. Genera should be

characterized at any stage in time and space by features of known,
durable constancy. Both vertical and horizontal systems of classification

are artificial, but ideally both are used in deriving a phylogeny. There
is no significant benefit to be derived in departing from the well-

established classification of the Equidae as summated by Stirton (1940).
The genus Merychippus

,
in the broad sense loses its biological usefulness
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(particularly in denoting probable phyletic relationships) in the Quinn
approach, and the so-called species, in his concept, becomes the critical

entity and seems to retain little meaning phylogenetically. The genus as

used by Stirton (op. cit.) seems to conform with the concept of a

morphologic grade (see discussion in Simpson, 1961) and as such is

more meaningful biologically and taxonomically. (cont. on p. 50)
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In Stirton’s interpretation of the phylogeny, Merychippus is the

ancestor of many descendent genera (op. cit.). There are actually several

diverging or parallel evolutionary lines in equid history and not all

appear to evolve strictly from small to large size, or from simple to

complex dental patterns. One so-called “line” of development is demon-

strated in Stirton (1947) and reproduced in fig. 15.

If the generally broad interpretation of the sequence of events of the

past (historical geology) is considered correct, it is doubtful that anyone

(regardless of the typology and phylogeny they wish to follow or names
of taxa they use) would deny that animals associated with Pliocene

faunas were of later age than those from Miocene faunas. It seems,

then, justifiable to apply the concept of evolution of higher categories to

that in the lower categories, which is the subject of this report, and to

determine if there is any resemblance in the type of evolutionary change.

In the line of horses, Merychippus to Nannippus (see fig. 15), the follow-

ing evolutionary trends through an approximately 16 million year duration

of geologic time, 2 are noted: (1) relative increase in height of crown

(regardless of apparent decrease in absolute size of the tooth in later

species of Nannippus ), (2) increase in degree and frequency of isolation

of the protocone (as reflected in development of the protoconal spur)

and, concomitantly, the elongation of the protocone, and (3) progressive

straightening of the tooth crown. Possibly correlated with this is a

progressive loss of taper of the tooth crown resulting in an absence of

taper in later forms.

The above trends have been proposed as existing in one form or

another by many authors; Osborn (1918), Simpson (1951), Stirton

(1940, 1941), and others. The trends in these characters may serve as a

control in the study of evolutionary trends. The evidence with regard to

the curvature (3 above) is not so firmly established as a control

character and may prove, with more adequate testing, to be more variable

than is now presumed.

Microevolutionary trends, Mascall-N. Coalinga: Fairly conclu-

sive evidence for the occurrence of “microevolution” 3 in the fossil record

may be derived from the Mascall-N. Coalinga comparisons. Acceptance of

this evidence depends on the probability that the Mascall is older by

one or two million years than the N. Coalinga, and on the validity of

the general concept of the evolution of the family Equidae.

An idea of the probable evolutionary trend of each unit character

under study can be grasped by referring to the arrows inserted in fig. 14.

2
It is reassuring to note that recent absolute datings, based on radioactive deter-

minations (see for example Jepsen, et al., 1949, and Evernden, et al., 1959, and
Kulp, 1961) are confirming previous determinations of age relationships based
on faunal correlations.
3Used in the sense of observed “change” or difference of characters in relatively

slight degree; and to be transferred, in process of logical deduction, to the

taxonomic concept (see p. 64).
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The arrows denote trends with respect to the Mascall-N. Coalinga sequence.

Significantly, more often than not the entire series of Oregon samples

follow the same trend, except as noted below.

Perhaps of greater significance than univariate trends, are those that

involve several characters in association. Such associated trends suggest

important genetic and selective bases for their occurrence, since it seems

unlikely that correlated changes in several characters would be due to

chance.

Protocone and anterior cingulum —Three characters are actually

involved: shape and linear proportions of the protocone, development of

the protoconal spur, and development of the anterior cingulum. Analysis

(see fig. 16) of these three characters reveals the following evolutionary

trends: from an oval to oval-elongate shape of the protocone, a well

developed spur and an anterior cingulum in the Mascall changing to

an elongate protocone having a minute or absent protoconal spur and a

poorly developed anterior cingulum in the North Coalinga. There are

some specimens showing isolated inconsistencies, for example, in the

Mascall an oval protocone with well-developed spur is present but a

cingulum is absent. In the Mascall, however, three features having the

N. Coalinga type characters are never present, while no specimens in the

N. Coalinga display all three dominant Mascall attributes.

The evolutionary trend described above, with regard to the character

of the protocone, is highly significant in that it parallels the evolutionary

trend noted in the Merychippus-Nannippus phyletic line (see p. 37).

Perhaps the trend in the development of the cingulum (in the Mascall-N.

Coalinga sequence) would be revealed in the Merychippus-Nannippus line

if studies were made of this feature in the other species involved (the

trait may have been entirely absent by the time true Nannippus evolved).

Height of crown and “size” —A possible, though dubious correlation

exists between increase in height of crown and increase in size in the

Mascall sample (see fig. 5). In the N. Coalinga the increase in height

of crown is slightly greater than the increase in size, and no correlation

is apparent. In evolving from the Mascall type teeth to those in the N.

Coalinga, there is an increase in relative height of crown (about a 5-6 mm.
mean difference) and an increase in size (34-35.0 mm.2 mean difference).

This evolutionary change in relative height of crown correlates well with

the trend noted in the Merychippus to Nannippus line.

Proportions of the tooth crown (anteroposterior and transverse

diameters of the tooth crown) —As noted in figs. 11 and 12 there is no

correlation between these factors. There is a slight trend from a rectangular

shape (slightly longer than wide) in the Mascall sample to a more

quadrate shape in the N. Coalinga. The degree of “taper” (see table 2)

is directly associated with this trend, with taper of the inner and outer

walls of the tooth in the Mascall changing to a more parallel alignment

of the walls in the N. Coalinga. These trends seem to agree with the
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general evolutionary pattern in the Equidae; often expressed as increase in

“molariformity” of the cheek teeth through time.

Total number of plications
,

total enamel “ distance ”, and tooth size —

A

positive correlation exists between increase in total enamel distance and

increase in size within both samples (perhaps proportionately, a slightly

greater increase in size) (see fig. 17). A slight evolutionary change from

lesser to greater enamel distance or surface (with an 8 to 9 mm. mean
difference) is apparent. There is slight correlation of increase in total

enamel distance with increase in total number of plications in the N.

Coalinga sample but not in the Mascall (fig. 18). Using the same teeth

that were measured for total enamel distance in comparisons (see fig.

19), it is apparent there is no correlation of increase in total number
of plications with increase in size or area of the tooth crown in either

sample.

The length of individual plications may be relevant in interpreting

total enamel distance; for instance there is a trend toward greater length

of the pli prefossettes in the molars and premolars, and a greater length

in the pli protoconules in the molars (in evolving from Mascall to the

N. Coalinga) . However, evolution toward a reduction in number of

plications in some areas of the tooth has also been observed, for example

the number of pli protolophs and pli hypostyles (fig. 14).

The influence of number and length of plications on the resultant

total amount of the enamel surface seems to be a variable factor in the

Mascall-N. Coalinga sequence. With an increase in the relative height of

crown of a tooth there is an increase in the amount of continuously

available enamel surface exposed during the wear on the tooth (through

the life of an individual animal). In some later lines such as Nannippus

this attribute (greater height of crown) seems to be a more dominant

trend than greater number of plications or greater size (the postulated

decrease in size in the Nannippus line has been questioned by Quinn,

1955, with good reason, I believe).

Curvature of tooth crown —Although there is definite indication of a

mean difference in the curvature of the teeth between the Mascall and

N. Coalinga samples, there is no suggested correlation between lesser

degree of curvature and greater height of crown within each sample (as

determined by inspection of the scatter diagram, for example see fig. 20).

The probable evolutionary trend is from greater (in the Mascall) to lesser

curvature (in the N. Coalinga) or development of a straighter tooth crown

(this change in radius of curvature is 8 to 10 mm.).

Other unit character trends —Probable evolutionary trends of unit

characters in the Mascall-N. Coalinga sequence may be noted in fig. 14. A
random checking of the Mascall-N. Coalinga data and the Tonopah test

sample reveals there is no probable correlation between frequency of

plications and area of enamel pattern —for example, one pli protoloph is
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not necessarily present with one pli protoconule in any one sample. The

following characters seem to be independently expressed in the Mascall-N.

Coalinga samples
:

prefossette closure
;

numbers of pli protolophs, pli

prefossettes, pli postfossetes, pli caballins, pli hypostyles; lengths of pli

protoconule, and pli prefossette.

The character trends in premolars are of no greater evolutionary
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significance than in the molars. As previously noted, “mean” trends are

never reversed in either sample.

“Populations” allied to the North Coalinga-Mascall group:

Although some of the best examples of Merychippus in western North

Zi --

D -

22 --

21 -
20 --

n --

18
--

17
--

16 --

co 15
--

c
o 1H

--

8 13 "

5= 12
~

11 -
10 -

8 ~
7 --

6 --

5 -
H

-
3 -
2 -

and n 1
n*-

+ = North Coalinqa

o = Mascall

4

O

o

4

O 4
4

4 4 4
4

O + O + +

O O + 4 +

O Q}44 o
4 4

o o oo4

o o ° 40

4

I I I I I I \
—

I

—
I

—
I—

l

il t H—I

MO 150 160 170 100 110 210 220 nn

Total Enamel

Fig. 18. Scatter diagram plotting total enamel distance with total number of

plications, premolars and molars combined, in the Mascall-N. Coalinga samples.



1961 Downs: Miocene Merychippus 57

560+

550

5*10 +
550

5Z0

510
- -

500-

110 -

m
170-

160-

150—

o
1™"

a 130—

*°1Z0~

110 —
*d*ioo--

£310-
380-

370-

-

360-

-

350-

-

310
- -

330 - -

320 —

310-

300-

H—H-+
Z 3 *1

Pa, a and m*

° * Mascall
+ +- North Coalinqa

o

o
o

+
o
o

°+

o

H—H—I—I—I—I—I—I—I—I—1—I—I—I—

I

5 6 7 0 1 10 11 1Z 13 1*1 15 16 17 18 11

Total Plications

Fig. 19. Scatter diagram plotting total number of plications with tooth size
(area), premolars and molars combined, in the Mascall-N. Coalinga samples.



58 Contributions in Science No. 45

America are to be found in the Mascall and North Coalinga faunas, there

are other, important samples known from the Oregon-Nevada-California

region (fig. 1). These samples have been briefly referred to (Downs, 1956

and others) and noted for their affinity with the Mascall-N. Coalinga

“complex.” Understanding the relationships of these small samples aids

considerably in interpreting evolutionary trends and taxonomic relation-

ships. These samples have been given the same complete analysis as the

N. Coalinga and Mascall samples but the results are only summarized

in this discussion (see fig. 14) . The sample size is small in all the “allied”

groups including the Gateway (see fig. 14) . Although a sample of

twenty-three specimens from the Gateway would appear to be reasonably

good, it is known by actual association of teeth that a minimum of five

animals is included in the sample.

Each of the above samples (Crooked Creek, Gateway, Skull Spring,

Beatty Buttes, Sucker Creek and Virgin Valley) is from faunas having

fairly well established geochronologic sequence as summarized in Downs
(op. cit.). Broadly speaking, they all fall within the Hemingfordian-

Barstovian transitional time span. All of them, including the Mascall

sample, are considered older than the N. Coalinga and High Rock Canyon.

Possibly the difference (if any) in geologic age between any of these

faunas (except the definitely later N. Coalinga and High Rock Canyon

faunas) is of several hundred or a few thousand years.

The characters in the smaller samples from Oregon, including the

Crooked Creek, Sucker Creek, Skull Spring (in particular), and the

Gateway and Beatty Buttes (perhaps to slightly lesser extent), all corro-

borate the general microevolutionary trends noted above in the Mascall-N.

Coalinga study (see fig. 14). Of special significance is their confirmation

of the following “control character trends” in the Merychippus-N annippus

line: (a) relative increase in height of crown, (b) change from a protocone

with well developed spur and oval shape to a more isolated protocone of

elongate shape, and (c) development of a straighter crown. The samples

from Oregon tend to confirm other evolutionary trends, including:

development of the quadrate shape of the crown (except in the Skull

Spring)
;

loss of the anterior cingulum; increase in numbers of pli

prefossettes, pli postfossettes (the Mascall sample is an apparent exception

to the other Oregon samples in having a greater number of pli hypostyles)
;

and increase in length of pli prefossette (except perhaps the Beatty Buttes)

.

The Virgin Valley material from Nevada, although it comprises an

extremely small sample (7 teeth), appears to be significantly distinct from

the Mascall, particularly in greater relative height of crown, in the area

of the maximum enamel expression, in greater size, and in more elongate

protocone. Other characters of lesser note but possibly reflecting this

distinctiveness are: shorter pli caballins and pli protolophs, and more

quadrate shape to the tooth crown. In height of crown, point of maximum
enamel expression, proportions of the protocone, overall size and crown
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proportions, the Virgin Valley specimens are more closely similar to the

N. Coalinga population than to the Mascall. In development of the proto-

conal spur and anterior cingulum, and in the size and number of many
of the plications, the Virgin Valley sample strongly resembles the Mascall

sample. Perhaps the Virgin Valley specimens are structurally intermediate

between the Mascall and the North Coalinga population.

It was previously concluded (Downs, 1956) that the Virgin Valley

population did not differ significantly from the Mascall sample. However,

some arguments (and admittedly weak ones) were presented on the

basis of certain faunal components, to justify stating (op. cit., p. 324)

. . the Virgin Valley may be slightly older than the Mascall. ” It was

then emphasized that in reality “no positive chronologic distinction can be

made . . and the obvious close time relationship of the faunas was

P a P i

Heiylrf oP Crouin lesser uiean

Fig. 20. Scatter diagrams plotting height of crown (at *4 wear, less than
wear, and greater than wear dentition) with radius of curvature in

premolars of the Mascall-N. Coalinga samples.
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considered equally significant. Perhaps if the methods of study employed

in this paper could be applied to other and better samples of the faunal

elements from the Virgin Valley, the present interpretation of the Virgin

Valley sample of Merychippus as intermediate in position would be sup-

ported. It may be impractical to derive fine distinctions in time relation-

ships, but I feel, after consideration of the present data, that previous

interpretations of the suggested age relationship of the Virgin Valley

are subject to question. Only tentative conclusions should be suggested on

the basis of a sample as small as seven specimens.

The High Rock Canyon sample of Merychippus teeth from Nevada
matches the morphologic concept of the N. Coalinga type teeth (see fig.

14) and thus corroborates the evidence presented for the N. Coalinga stage

of character evolution. In fact the slightly greater mean height of crown

(greater than in the N. Coalinga) might indicate that the High Rock

Canyon population has possibly extended the evolutionary trend.

One might justifiably hypothesize that the Oregon samples (including

the Mascall) represent fragments of a total interbreeding population. Thus,

these samples, slightly distinctive in a few individual characters and from

geographically separate areas of the Oregon province, may represent demes

(in a taxonomic sense) within a species (Simpson, 1961). Undoubtedly

not all the “populations” were precisely contemporary, yet they were

probably not separated by more than a few thousand years. By N. Coalinga

time, instead of a few isolated characters appearing as distinctive traits

in scattered populations (as in the Oregon province), a complex of many
unit and associated morphologic characters had become well established

in the samples of populations from the N. Coalinga and High Rock

Canyon faunas. Thus
,

a basic shift in the evolution of the genus Mery-

chippus had occurred, and the samples may thus demonstrate both

geographic and temporal “speciation” in the fossil record (see Simpson,

1961, p. 169, and p. 54 of this text)

.

It might be postulated that the Mascall-N. Coalinga complex repre-

sents two parallel lines of development (if the time distinction in the two

faunas is questioned). This is a possibility, but evidence for its support

is not available. Even if parallelism could be demonstrated, the ancestor

of both of the samples would have been very close to the descendant

forms, since very close morphologic affinity of the two groups has been

shown.

It would be extremely difficult to detect parallelism or even conver-

gence in these groups, especially at this level of the taxonomic hierarchy.

An attempt to explain the Mascall-N. Coalinga relationship as an example

of convergence or parallelism is unnecessary and certainly less supportable

or logical than the thesis presented herein.

Evolutionary rates of unit characters: There have been some

useful suggestions and data presented on quantitative measurement of
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evolutionary rates (Haldane 1949, Simpson 1953 and Bader 1955). The

basic assumption in these data is the availability of a factor indicating an

absolute interval of geologic time. In Haldane’s formula

X2 Xl

log e — log e

t

t represents the “assumed” time interval necessary for the change in

population means x x and x 2 to occur. The data presented by Haldane

employs intervals of no less than 5 million years. It has been suggested

in this paper that an interval of 1-2 million years existed between the

Mascall and North Coalinga populations (also see Kulp, 1961, for related

radioactive dating) . It may be safe to assume that the interval was no

more than 2 million years, although such precision is admittedly subject

to question since there are no available absolute dates from the sites being

studied. However, on this basis of no more than a 2 million year interval,

I have derived the evolutionary rates of selected, measurable unit char-

acters as presented in table 6. The rates are listed in order of lesser to

greater rate from top to bottom in the table. For example, the figure 1.23

is the mean percentage change from the Mascall to the N. Coalinga

population in one million years. The V column represents the range of the

coefficient of variability in the two populations.

A theorem stated by Simpson (1953, p. 17) is strikingly demon-

strated by these data —quoting Simpson: “The rates of evolution of two

or more characters within a single phylum may change independently.”

The rate of percentage increase in height of crown (ranging from

8.57-12.21 or a mean rate of 10.21 based on all types of teeth measured)

is considerably greater than the mean rate of percentage increase in size

(4.58) as interpreted from tooth crown area. Also the difference in

rate of increase of anteroposterior diameter in the protocone (a mean
of 5.65) compared with a mean of 3.82 in the transverse diameter is

significant. The rate of increase in height of crown is somewhat greater

than the rate given by Haldane (1949, p. 53 and taken from Simpson,

1944) for paracone height (8.6 per million years for the 5 million year

period involving the Merychippus-Neohipparion line). The measurement

of the paracone height is essentially similar to that used in this paper for

height of crown. The rate of increase in size (4.58, using tooth area) is

high compared to the rate given for ectoloph length (.8, supposedly an

indicator of size) in Haldane’s example {Merychippus-Neohipparion )

.

However, using my data on anterior posterior diameter at the crest as an

indicator of size and reflecting generally the same dimension as ectoloph

length, the mean rate is 1.26, much closer to the .8 rate yet perhaps

still significantly greater than the Merychippus-Neohipparion figure. Both

rates in the short-span sequence studied herein and the longer interval
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show much more rapid change in one character than another.

The Mascall-N. Coalinga phyletic sequence, indeed, may demonstrate

the process of quantum or “explosive” evolutionary change (Simpson,

1944 and 1953) in a unit character (continuous variate) at the species

level (see p. 69 of text) . The populations represent equids near the

inception of the subsequently dominant hypsodont horses. In most supposed

examples of quantum evolution, their so-called “sudden appearances”

are often a reflection of gaps in the fossil record, perhaps occurring

during a 1 or 2 million year interval of geologic time, the type of “gap”

filled by the Mascall-N. Coalinga sequence. The horse record is relatively

complete and tends to suggest, in total, a gradual evolutionary change.

However, when we derive the rates of evolution of individual characters

we are able to determine the relative degrees of difference in phases of

the evolutionary change in the equid sequence. A rate of change in a unit

character of 10.2% for a million year period does involve a considerable

period of time in terms of length of generations, although geologically it

Table 6. Evolutionary Rates

Percentage of

Mean change

Anterior posterior diameter at crest

PM
M

Transverse diameter protocone
PM
M

Total enamel distance

PM & M
Transverse diameter at crest

PM
M

Total Size (ap. X tr.)

PM
M

Anterior posterior diameter protocone
PM
M

Height of crown, unworn
PM& M

Height of crown, *4 wear range
PM
M

Radius of curvature
PM
M

per million years V

1.23 4.45 - 4.47

1.29 3.65 - 5.00

1.73 11.41 - 11.54

2.09 15.25 - 16.01

2.51 7.34 - 8.48

3.45 5.23 - 5.30

4.46 4.49 - 6.99

4.13 8.30 - 8.67

5.04 6.25 - 7.12

5.54 9.60 - 12.61

5.67 10.22 - 11.02

8.57 6.44 - 8.33

9.87 9.08 - 10.03

12.21 10.02 - 10.75

9.67 16.99 - 20.47

12.43 19.08 - 21.18
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is a rather “explosive” event. As a hypothesis we might recognize 5 years 4

as the average length of a generation for the Merychippine horses in

question or perhaps 200,000 generations involved in deriving a 10.2%
rate of change in a million years.

The data on coefficient of variability, tabulated alongside the respec-

tive evolutionary rates indicate a random distribution, and certaintly

no apparent correlation of low variability and high rate of evolutionary

change. The latter relationship, low V and high evolutionary rate,

was concluded to be present by Bader (1955) in his study of the Meryco-

choerinae oreodonts. It has already been emphasized in this report that

each of the characters studied has a different degree of precision

inherent in the method of measurement, for example, the radius of curva-

ture which shows extremely high evolutionary rate and high V. Therefore

caution is necessary before one makes conclusions on the relationship

of the two factors. In addition, the possibility of quantum evolution in

action, at this stage of the equid history, may reflect a condition of

unstable or truly variable characters (in some instances) and, thus,

present a different situation than exemplified in the oreodont history.

Hypsodonty and the evolution of grassland: Axelrod (1950,

p. 287) has concisely presented the evidence on the evolution of changing

vegetations in the Northern Great Basin and Central Great Basin. A true

expansion of grassland environments did not occur until middle Pliocene

time, whereas the savanna grazing habitat was probably dominant during

early Barstovian (late Miocene) times. This Mascall-N. Coalinga Mery-

chippine sequence, of the latter time, demonstrates a marked increase

in hypsodonty. Perhaps such a relationship of animal morphology and

vegetation trends reflect preadaptation (or prospective adaptation of

Simpson, 1953) for grazing habits in the Mascall-N. Coalinga population

—

a preadaptation tested in savanna areas in Barstovian times but becoming

dominantly successful through natural selection by mid Pliocene time

(see Shotwell, 1961).

Genetic and functional factors: There is no practical way to

determine what gene or genes accounted for the trends in the Merychippine

dental pattern. It has been shown that some of the microevolutionary

trends correlate with known trends in the Equidae line, such as in the

line from Merychippus to Nannippus. These trends seem to have been

phyletically long established (throughout the history of the subgenus) as

exemplified in the relative increase in height of crown and in the

isolation and elongation of the protocone. The enamel surface of the horse

molariform tooth functions as the trituration surface in mastication, and it

is logical to assume that higher crowned teeth, as they wear down, would

have an effective masticating surface for a greater period of time than

4Haldane (1949, p. 53) has suggested average length of generations of no less

than 2 years in Hyracotherium and no more than 8 years in Neohipparion.
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lower crowned teeth. Also, a larger tooth or crown surface (devoid of

pinch or “taper” of the crown) has been shown to have a greater enamel

surface exposure.

The relative greater increase in transverse diameter of the tooth

crown compared to the anterior posterior diameter suggests independent

evolutionary change in the two characters in the Mascall-N. Coalinga

sequence and correlates with the general trend leading to molariformity

in Equidae.

The longer and greater the number of plications, the greater (pre-

sumably) is the enamel surface. However, this has physical limitations (in

tooth size), and the characters of the individual plications have been shown

to vary independently from one another. Plications appear to be situated

at random with regard to position in the dental pattern, although it is

feasible to think that the plications could serve to strengthen the tooth.

It appears that the relative increase in height of crown may be

interepreted as being functionally important in the evolution of the

species and that numbers and lengths of plications were of secondary

importance.

The loss of the anteiror cingulum may illustrate gradual elimination

of a formerly functional part of the biting surface (the cingulum becoming

a relict trait) by means of natural selection and the loss seems to be

correlated with selection for increased hyposodonty. The development of

an isolated protocone (which is recorded elsewhere herein as lack of

development of the protoconal spur) may have resulted in a stronger

protocone in a hypsodont tooth since the outlines of the protocone surface

had no interruption in the enamel. However, the opposite trend appears

to have been more successful in the Calippus-Pliohippus-Equus lines. In

this highly successful lineage the definite, broad, and complete connection

of the spur to the protoselene must have provided additional strength to

the tooth structure. The trend toward the narrowing or elongation of the

protocone is correlated with the trend for isolation of the protocone and

lack of spur development. Such traits may have been so closely inter-

related that they were one functional unit and as such may have been

under the same genetic control.

The lack of closure of the prefossettes in the N. Coalinga sample may
have been of slight selective advantage, perhaps providing a greater

triturating surface.

Taxonomic inferences: The allocation of the “correct” taxonomic

category to the material under study is not necessarily the primary objective

of this report. However, if it is possible to express the probable relation-

ships within a scheme of classification, one achieves a useful standard in

related taxonomic problems.

Comparison with Recent “species”: A brief analysis of samples

of some known living species of the Equidae might serve to answer

the following question: How does variation and degree of distinctiveness
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of characters which were analyzed in the preceding fossil groups compare

to that in Recent species? Series of Recent zebra specimens from South

Africa were used, including Equus burchelli, the living bontequagga,

from Zululand, and Equus zebra from Cape Province. All specimens are

housed in the American Museum of Natural History, Department of

Mammalogy.

Data are compiled in a manner similar to that used in the analysis

of the Mascall-N. Coalinga samples (see figs. 21 and 22). The samples

include 12 skulls of Equus burchelli and 6 skulls of Equus zebra. The
animals ranged in age from 5-9 years as indicated by the stages of wear

of the dentition.

The frequency patterns in the fossil samples and in the zebras are

similar to one another. Dominant trends in plication counts, shapes, and

ranges in size are present. Characters are not always simply present or

absent. Instead, overlap of ranges is apparent. The results of Chi square

association tests are similar to those noted in the fossil samples (see table

7). The character referred to as ectoloph curvature (specifically the

curvature of the external walls of the paracone and metacone) was not

used in the Merychippus analysis, but Cooke (1950) has emphasized the

importance of this feature in his studies of Equus. Consequently, I have

attempted to record the nature of this feature (N gj= no curvature, and

M-S = moderate to strong curvature).

Special conditions or variables defintely influence the frequency

distributions in these samples when the data are broken down into known
tooth designations (P 3 and P4 and M1 and M2

), sex, and grouping of

teeth from individual skulls (see figs. 21 and 22)

.

Sexual differences —The females of E. burchelli seem to be of greater

size than the males. The females, furthermore, have greater variability in

the number of pli protolophs and pli caballins (see fig. 21). In E. zebra

the females are slightly larger than the males and the males are more
variable in all three of the enamel pattern traits (see fig. 22).

Individual skull differences —In E. burchelli one skull, specimen A
(see fig. 21), contributes the greatest part of the rare occurrence (0) in

the pli protoloph count. The teeth in specimen A are distinctive in that

they exhibit no curvature of the ectoloph and are among the smallest in

size.

All three characters (see fig. 22) are expressed in the rare categories

for specimens H and J of E. zebra and show a high degree of individual

variation. Specimen A (the most distinct individual of all) in E. burchelli

has a greater amount of wear of the occlusal surface than in the other

samples, and this may account for its distinctiveness. This further empha-

sizes the need for using equivalent stages of occlusal wear in comparative

studies of equid dentition.

Tooth series distinction —In E. burchelli the molars tend to display

no pli caballins while the premolars tend to have 2 to 3. In both species
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there is a general gradation from large premolars to smaller molars in

each skull. Actually, the M1
is the smallest since it is exposed the longest

to wear due to the sequence of eruption of the teeth in the skull; this

results in a different point of reference for measurement.

It is evident that individual sex and age variations are important

contributing factors to the character of the Recent equid teeth, and the

data indicate such factors must be accounted for when deriving taxonomic

conclusions.

External body characters —There is apparent agreement among most

authors that Equus burchelli and E. zebra are distinguishable in external
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features. Ellerman, Morrison-Scott, and Hayman (1953) present the

following key to species identification

:

“Stripes on croup form a ‘gridiron’ pattern. A dewlap is present.

Ears larger.”

Equus ( Hippotigris ) zebra

“Stripes on croup not forming ‘gridiron’ pattern. No dewlap. Ears

smaller.”

Equus ( Hippotigris ) burchelli

Simpson (1951) has stated that these two groups have not interbred

in nature although crosses have been made producing usually sterile

young. Cooke (1950, p. 411) writes that although there may be simi-

larities of external characters, these two groups are “.
. . sharply

distinguished in dental characters.” Some of the distinguishing features

that he designated are included in this study, and in general confirmed,

although the characters are not sharply delineated. They show distin-

Table 7

Analysis of dental characters in Recent Equus:

12 skulls of E. burchelli and 6 skulls of E. zebra

(see table 2 for data explanation)

Premolars Molars
E. burchelli E. zebra E. burchelli E. zebra

Number of pli cabillins

Three 3 0 0 0

Two 3 0 1 0
One 34 3 28 7

None 4 21 15 17

N = 44 24 44 24
X2

41.32 8.64
P - <.001* .014*

Number of pli protolophs
Two 1 1 4 3
One 37 9 33 1

None 6 14 7 20

N = 44 24 44 24
X2 '= 18.67 33.60
P = <.001* <.001*

Ectoloph curvature
Moderate to

strong 43 5 43 6
None 3 19 3 18

N = 46 24 46 24
X2 = 38.62 35.22
P = <.001 <.001
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guishing trends only. It is apparent from breeding habits, external

characters, and dental characters that the two groups are correctly inter-

preted as being distinct species.

Since the fossil and Recent groups have similar types of character

distinctions in dental patterns, an equivalent taxonomic interpretation

seems justified. If these Recent samples had been found as fossils, one

would be inclined to interpret their relationship in the same way as in

the Merychippus comparisons. Teeth are the most commonly found remains

of fossil mammals and, as a consequence, are (to date) the most useful

for comparative purposes. Knowledge of the external structure, color,

breeding habit, and geographic range in fossil forms (the “X” factors)

might add to the degree of distinction in fossil groups. About seventy

per cent of the characters studied in the upper dentition of the fossil

samples from the Mascall (and other Oregon samples) and the N. Coalinga-

High Rock Canyon samples suggest mean differences (in varying degrees,

but as clearly as in the study of Recent specimens). This is a high

percentage of character distinction (compared to known Recent species),

and tends to support further the idea that the fossil remains are those

of actual species at least, and not subspecies. Although the extent of the

“X” factor cannot be measured, it should be considered in a vertebrate

paleontological species concept, especially if more studies on the total

anatomy of Recent species are used for extrapolation.

Taxonomic relationship probably would be much better known if

characters of the dentition were associated in every instance with complete

skeletons; yet neontologists commonly use a limited number of features

(color of pelage, body proportions, etc.), in describing species, thus

falling far short of complete description even of the more reasonably

accessible traits. Such descriptions of Recent species are probably no

better founded than those of the paleontologist (see Simpson, 1943 and

1951).

A modern concept of the neontological species is usually stated

as: . . actually or potentially interbreeding natural populations which

are reproductively isolated from other such groups” (see Mayr, 1942).

It is impossible to determine this for the fossils studied here, but inferences

from morphological data provide a close approximation. Simpson (1951)

has outlined some of the problems in applying a species concept in fossils.

He has noted a “.
.

.
preferred practical procedure . .

.” for the

paleontologist (op. cit., 291). In part I quote: “3. If the population

estimates indicate significant mean difference but overlap in range of

variation, to consider the samples as drawn from different subspecies as

one species.”

“4. If the population estimates indicate no overlap in range af

variation (for at least one well-defined character), to consider the

samples as drawn from different species.”

In this report Simpson’s concept must be modified, for as has been
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constantly emphasized the individual characters studied herein (including

characters of two known Recent species) have considerable range of

variation and only rarely fail to overlap (see comparisons between M.

seversus-calijornicus and M. brevodontus, fig. 14). There are some vari-

ants, such as size and height of crown, that are by their very nature

continuous variants, rarely exclusive in range of variation at the species

level. Non-overlap of such characters would very likely reflect generic or

subgeneric distinction. The high rates of change in structure indicated in

the increase in height of crown (10.2%) and in the elongation of the

protocone (5.7%) are further indicators of probable speciation in action.

There are also character combinations that come very close to non-overlap

and imply probable species distinction. Thus there occurred the ultimate

“speciation” and perhaps quantum evolutionary shift cited earlier (p.

62).

It is concluded that the Mascall sample and its allied populations

(from Crooked Creek, Gateway, Beatty Buttes, Sucker Creek, and Skull

Spring) probably were interbreeding populations of the species Mery-

chippus sever sus (Cope) and that the North Coalinga-High Rock Canyon
samples were populations referrable to the species M. calijornicus Merriam.

The meager Virgin Valley sample may represent a “glimpse” at a form

intermediate between M. seversus and M. calijornicus. The sequence of

probable evolving populations is interpreted here as primarily chronocline

speciation (see Simpson, 1943). The Virgin Valley sample might be

interpreted as a subspecies, but the sample is small (consisting of only

seven teeth) and, therefore, should be treated as Merychippus
,

near or,

cf. seversus, rather than used to establish a new trinomial name. The
teeth resemble those in M. seversus more than they do M. calfornicus (see

fig. 14, characters 1, 5, 6 ,7). As recently emphasized by Stirton (1955)

it is often difficult to recognize subspecies in living animals even when
adequate samples are available. The recognition of subspecies may be

questionable, at least under the present state of knowledge of the Miocene
Equidae.

Associated species in the Mascall-N. Coalinga faunas: M.
brevidontus is found in the N. Coalinga and is a species having low

crowned teeth with a highly complex enamel pattern. Its distinctiveness

is well illustrated in fig. 12, characters 1, 2, and 20. No overlap exists

between the range of height of crown in unworn dentition (character 2)

in M. brevidontus and that in M. seversus and M. calijornicus

;

and this

is very nearly true in the one-third range comparisons. M. brevidontus is

so distinctive that it aproaches subgeneric differentiation. Discoveries and
study of more M. brevidontus-\ike samples in other faunas may offer

enough data to support this suggestion.

The systematic status of M. relictus, another Mascall species, is more
difficult to interpret (Downs, 1956, p. 258) . This species is represented

by 5 specimens. Although there are a few other samples of cheek teeth
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(in stages of greater wear than those studied in this report) that could

represent this species, their high degree of wear does not allow valid

comparisons, and these specimens were not included in the analysis.

Results of study of the five specimens support the previous conclusion that

the samples does represent a distinct species. Note the definite failure of

overlap of range in size with the M. sever sus sample from the Mascall (see

fig. 14, character 3). It was on the basis of this size distinction that the

five M. relictus teeth were first sorted out. In addition the development

of the summary analysis (fig. 14) brought into focus the nature of the

relatively large, round protocone and the relatively long pli prefossettes,

pli caballin, pli hypostyle, and pli postfossette. The lack of a protoconal

spur and slight development of an anterior cingulum suggest relationship

to M. californicus, but the overall combination of traits distinguish the

sample as a taxonomic entity. Admittedly, the sample size is small, but

if it were included within the total Mascall population its probable true

relationships might have been obscured.

Both species, M. relictus and M. seversus
,

represent an early stage

in the evolution of hypsodonty and they may have had similar food

habits, especially grazing. There were, perhaps, other unknown factors

that would have clearly substantiated the apparent morphologic species

distinction. Quinn (1955) has emphasized the uncertainty of exact

contemporaneity of faunal components, and Shotwell (1955) has written

that the frequency of occurrence of fossil remains of a particular species

in a deposit may reflect its actual contribution or proximity to the

dominate faunal community in nature. Thus, a rare species such as

M. relictus might represent a minor part of the mammalian community

(since so few specimens are known) and might even represent a rare

emigrant or thanatocenotic species that in life occupied a distinct

ecologic niche and consequently did not compete with M. seversus.

The M. relictus problem again indicates that there are no precise

criteria or standards which can be used to settle all fossil species problems.

Each situation has its own peculiar circumstances and combinations of

evidence to be considered.

Summary

The conclusions presented in this paper are based on the detailed

analysis of variation of dental characters in relatively homogeneous

samples of Merychippus. No matter how one may view the conclusions on

evolutionary and taxonomic relationships of the samples studied, it seems

clear that “micro” distinctions of “paleopopulations” are indicated in the

many characters of the upper dentition of the Mascall and N. Coalinga

samples from Oregon and California, respectively.

In many respects, the method of approach employed herein is new to

equid studies and perhaps may serve as a guide or standard for other

similar investigations, it is not proposed that all studies of equid dentition



1961 Downs: Miocene Merychippus 71

should include so much detail or completeness in order to substantiate

conclusions, but when feasible it would be desirable to make equally

thorough studies on other groups. Often it should be possible to sort out

significant characters by preliminary observations and then to employ

the techniques used herein for analysis of the features selected.

A premise followed early in the study was the assumption there

would be considerable variation exhibited in a total fossil population, and

taxonomic emphasis on individual variants should be avoided. Results of

this study do not contradict this, but it is evident that when adequate

samples are at hand and when intensive analyses of characters are per-

formed, a high percentage of the “minute” traits are shown to be

significant to a greater degree than was anticipated. Therefore, one should

be cautious in rejecting characters of species based on seeming individual

variants, or on extremely small samples. Regardless of the inherent degree

of variability in samples of Merychippus
,

when adequate numbers of

specimens of similar stage of wear are available, such as in the Mascall

or N. Coalinga samples, many characters are made evident by quantitative

studies that would not have been detected by simple inspection.

The use of “quantitative” and graphic methods (observation of

frequency distribution patterns) present the best basis upon which to

judge the reliability of characters in hypsodont equid dentition. One of

the inherent sources of error in the approach used in this report is the

transferring of numerical data. All data transferred from data sheets to

final tallies have been rechecked. In spite of this potential source of

error, it is believed that the methods used are superior to simple inspection

and brief subjective summation, especially since the reader is in a better

position to check the data and the interpretations.

The characters analyzed have differing degrees of variability. Several

factors (in addition to natural variability) are shown to influence this,

such as reliability of the method of measurement, individual differences

of teeth (in either P3
,

P4
, M1

,
or M2

), and potentially great variation

of dental characters in one individual dental series.

The homogeneous sample of Merychippus from Tonopah, Nevada, is

used as a control in testing and confirming results obtained in analysis

of the Mascall-N. Coalinga samples.

The following features of the dentition (both univariate and asso-

ciated characters) are particularly useful in demonstrating microevolu-

tionary trends in the M. seversus-M. calif ornicus species complex (from

the Oregon-Nevada-California faunas) : (1) increase in relative height

of crown; (2) evolution from an oval or oval-elongate protocone with a

well developed spur and prominent anterior cingulum to an elongate

protocone with little or no spur and slight development or absence of the

anterior cingulum (all apparently genetically associated traits)
; (3) slight

change in crown proportions from rectangular to quadrate, associated

with lessening of the external-internal “taper” of tooth walls; (4) an
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increase in “total enamel distance” correlated with increase in size (crown

area)
; (5) decrease in curvature of the tooth crown.

Rates of change of structural characters (continuous variates), based

on percentage change per million years, have been determined and show
markedly different rates for individual traits compared. The rates of

increase in height of crown (a 10.2% change per million years during a

presumed 2 million year period) suggests a quantum or “explosive” mode
of evolution is demonstrated in the Mascall-N. Coalinga sequence at the

species level.

Surprisingly, no correlation exists between the following characters

as studied within each sample (M. sever sus and M. calif ornicus) : increase

in total enamel “distance” with total number of plications, and degree of

curvature of the tooth crown with height of crown. Many other characters

appear to have evolved independently, such as: increase in the length

of the protocone (without increase in width), increase in transverse

diameter of the tooth crown, and the numbers and lengths of plications.

Any paleontological concept of species of merychippine horses must

consider many factors: mean differences between unit characters as well

as the absence of overlap of the ranges of characters (the latter is rarely

present), relative rates of character change, dominance of distinctive

character combinations or associations, and geographic and geologic

time relationships. In addition, allowance must be made for possible

unknown factors (the “X” factors known only in living animals). An
arbitrary criterion for species distinction to cover paleontological problems

of the type discussed in this paper apparently is not feasible.

Small samples of fossil horses (perhaps demes that are closely

related to the M. seversus and M. calif ornicus species) such as the M.
seversus structural type from the Crooked Creek, Gateway, Beatty Buttes,

Sucker Creek, and Skull Spring faunas of Oregon; the intermediate group

from the Virgin Valley of Nevada; and the M. calif ornicus structural type

from Nevada support the conclusion that a basic evolutionary change

occurred in one phase of the history of merychippine horses. The M.
seversus-M. californicus sequence is an example of chronocline speciation

in Miocene horses and this sequence might be considered as a standard

of reference in solving similar evolutionary and taxonomic problems.

Comparisons of critical features of the dentition in known species

of Recent Equus are made to provide standards of reference for compari-

son with modern species.

Binomial and trinomial taxa for cheek teeth of merychippine fossils

should be based on adequate samples for determining total variation. When
working with a small, yet seemingly distinct sample, one should use such

terms as “near, cf., or ?,” in making assignments to the closest taxonomic

category.

On occasion there may be so many distinctive combinations of key

characters in a poor sample (for example, the 5 teeth representing M.
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relictus) that they may warrant a specific name. To refer such a sample

to its closest taxonomic category may prove to be erroneous or may
‘‘lose” it as a distinctive sample. The practice of naming such materials

as species may have a questionable biological basis, but circumstances

inherent in the fossil record sometimes require it.

To the uninitiated or less informed reader who may not realize the

value of mammalian teeth in fossil studies, it is well to emphasize the

uniqueness of the dental pattern in horses. From Miocene time to the

present, the intricate enamel configurations on the occlusal surface of the

teeth provide a relatively rich source of material for comparative analytical

study. Additionally, other shapes and dimensions of the tooth crown offer

many possibilities. There are many variables to be accounted for, such as

tooth wear and individual variation, yet, in spite of this, a close study of

the type employed herein has proven worthwhile.

A. S. Romer (1959, p. 920) has commented, “I sometimes accuse

my friends amongst the mammalian paleontologists of envisaging their

pets as consisting only of cheek teeth and thinking that mammalian evolu-

tion consists merely of a pair of parent cheek teeth having intercourse and

producing the baby cheek tooth which becomes the next step in the

phylogenetic series. They deny this; but privately will sometimes admit

that this picture is not far from the truth.”

Alas, perhaps there is a bit of truth to this; but it is also true that if

a paleomammalogist is presented a tooth to study he does know this tooth

had to have a whole animal to support it. The problem is —what kind of

a clue or index as to the nature of the total animal is represented by the

tooth. The present account suggests one way of attempting to answer this.
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